In order to analyze the influences that cement has on the mechanical properties of asphalt cold recycling mixtures in seasonally frozen soil region, taking asphalt pavement milling recycling material of different gradation as a benchmark, by proposing the indoor experiments, studying the mechanical properties of cement cold recycling mixtures (CCRM) that have different amount of cement content. The results show that the unconfined compressive strength, splitting strength and compression rebound modulus of CCRM increase in non-linear mode with the growth of curing period, the curve increases faster in the early stage, then the growth rate decreases gradually, and tends to zero finally. The proportion of base and surface has great influences on mechanical properties of CCRM, when the proportion of base and surface is 12:5, the compressive strength is 2.5~3.2MPa, the splitting strength is 0.38~0.52MPa, the compressive modulus is 1013~1206MPa. The cement content and curing period are the key factors affecting the mechanical properties of CCRM, the strength and modulus magnify with cement content and curing period increasing, and finally tend to the limit value. There is a good linear relationship between unconfined compressive strength and splitting strength and between unconfined compressive strength and compression rebound modulus.
INTRODUCTION
In recent years the maintenance tasks of the highways that have been built are heavier and heavier in our country. From the view of cost reduction, it's necessary to develop new maintenance technology to simplify the process, save time and the sustainable development. Cold Recycling Technology taking cement as admixture has important practical significance to promote the sustainable development of our country highway construction, energy conservation and emission reduction. We take the recycling mixtures of asphalt pavement from 315 national highway (Xining to Delingha) as raw materials, through proposing the indoor experiments, studying the unconfined compressive strength, splitting strength and compression rebound modulus of CCRM that have different amount of cement content. Analyzing the effect that different factors have on the mechanical properties of CCRM, and presenting the grading limit and structural design parameters of CCRM that can be used in seasonally frozen soil region, providing scientific basis for quality inspection and evaluation standards of CCRM.
STUDY PROTOCOL

Raw materials
Cement
Selecting P·O 42.5 produced by Qinghai Qilian Mountain Cement Co., Ltd. whose specific performance index meeting specification design requirements are shown in table 1. Virgin Aggregate E51-2009 . HCTM can be used to sure the optimum moisture content and maximal dry density of graded materials， and SPSM can be used to make sample. These methods have been adopted for a long time and have already gathered most practical experience. Through these methods we can get accurate results which correspond with actual engineering better and reflect the relationship between the composition of material and the mechanical properties of material.
Testing program
Through analyzing the structure of primary pavement and consulting existing research results and specification, we protocol the proportion of base and surface, cement content and mixture gradation to test.
The proportion of base and surface
The primary surface is 8cm thick-asphalt concrete and base is 20cm thick-cement stabilized macadam, and the depth range of milling machine can mill is 0~40cm. According to experimental purposes, we choose two possible proportion of base and surface；milling all surface and part of base, milling all surface and all base. According to their density, we calculate the quality proportion of base and surface, the results are in table 6. 
Aggregate gradation
Through analyzing the structure of primary pavement， mixing and sieving material using the proportion of base and surface in table 6. The specific gradation is in table 7. 
TEST RESULT AND ANALYSIS
Test Results
According to the grading in table 7, we make three groups of cylinder specimens (Ф150×H150), each group has different cement content and has five same samples. Under the standard curing condition (temperature 18±2°C, humidity ≥95%）, putting all samples in the bags, curing them to measured curing period. Measuring their unconfined compressive strength (R c0.95 ), splitting strength (R i0.95 ) and compression rebound modulus (E c0.95 ), taking strength averages of five same samples as the representative strength. The detailed results are in table 9. JP1 Ps=4.0% JP1 Ps=4.5% JP2 Ps=3.5% JP2 Ps=4.0% JP2 Ps=4.5% JP3 Ps=3.5% JP3 Ps=4.0% JP3 Ps=4.5% According to table 9, drawing curves about the strength and modulus magnify with curing period increasing, the proportion of base and surface and curing period increasing, the results are FIG.1, FIG.2 and FIG.3 .
According to FIG1, FIG2, FIG3, we can see that the strength and modulus magnify with period increasing, and finally tend to the limit value.
When the proportion of base and surface is 1:1, the average growth rate of compressive strength is 0.1MPa/d, the average growth rate of splitting strength is 0.015MPa/d and the average growth rate of compressive modulus is 40MPa/d in original 28 days; the average growth rate of compressive strength is 0.012MPa/d, the average growth rate of splitting strength is 0.002MPa/d and the average growth rate of compressive modulus is 5MPa/d from 28th to 90th day.
When the proportion of base and surface is 12:5, the average growth rate of compressive strength is 0.12MPa/d, the average growth rate of splitting strength is 0.018MPa/d and the average growth rate of compressive modulus compressive modulus is 48MPa/d in original 28 days; the average growth rate of compressive strength is 0.014MPa/d, the average growth rate of splitting strength is 0.003MPa/d and the average growth rate of compressive modulus is 5.6MPa/d from 28th to 90th day.
When using virgin aggregate instead of recycling material, the average growth rate of compressive strength is 0.21MPa/d, the average growth rate of splitting strength is 0.035MPa/d and the average growth rate of compressive modulus is 63MPa/d in original 28 days; the average growth rate of compressive strength is 0.018MPa/d, the average growth rate of splitting strength is 0.004MPa/d and the average growth rate of compressive modulus is 8.9MPa/d from 28th to 90th day.
As a result，the strength and modulus magnify more and more slowly with curing period increasing, and finally tend to the limit value. The suggestion is that it is more important to cure CCRM in original 28 days.
INFLUENTIAL FACTORS OF MECHANICAL PROPERTIES
The Proportion of Base and Surface
According to FIG.1, FIG.2 and FIG.3 , when the proportion of base and surface is 1:1, the range of compressive strength is 2.5~3.2MPa, the range of splitting strength is 0.38~0.52MPa and the range of compressive modulus is 1013~1206MPa after curing for 28 days；When the proportion of base and surface is 12:5, the range of compressive strength is 3.6~4.0MPa, the range of splitting strength is 0.54~0.65MPa and the range of compressive modulus is 1013~1206MPa after curing for 28 days. Obviously, when the proportion of base and surface is 12:5 and cement is same, the strength of CCRM is bigger. The reason is that when the proportion of base and surface is 12:5, fine aggregate can fill the space of coarse aggregate well to form dense framework structure and graded material is better.
Cement Content
Drawing the curves about the strength and modulus magnify with cement content increasing after curing for 28 days, the results are Figure4 According to FIG.4, FIG.5 and FIG.6 , the unconfined compressive strength, splitting strength and compression rebound modulus of CCRM magnify with cement content increasing, which indicates that more cement content is better for increase of strength. But in actual production we should choose the minimum cement that can satisfy the needs of production and specified strength to save cost.
Curing Period
According to FIG.1, FIG.2 and FIG.3 , the unconfined compressive strength, splitting strength and compression rebound modulus of CCRM magnify with curing period increasing, the growth rate turns slower and slower and finally tend to the limit value.
THE RELATIONSHIP AMONG MECHANICAL PROPERTIES
Relationship between Unconfined Compressive Strength and Splitting Strength
According to Table 9 , calculating the ratio of R c0.95 and R i0.95 for each group. The detailed results are in Table 10 . 1 : 1 3.5 9.7 9.2 9.4 9.4 4.0 9.8 9.5 9.5 9.6 4.5 9.8 9.3 9.6 9.5 12:5 3.5 9.6 9.8 9.7 9.7 4.0 10.0 10.0 9.6 9.7 4.5 10.0 9.8 9.5 9.7
According to Table 10 , the growth law of the ratio for each group is consistent with the growth law of curing period. The ratio turn smaller and smaller with curing period increasing, and finally tend to the limit va lue. So the conclusion is that there is a good linear relationship between unconfined compressive strength and splitting strength, R c0.95 =9.6R i0.95 .
Relationship between Unconfined Compressive Strength and Compression Rebound Modulus
According to Table 9 , calculating the ratio of E c0.95 and R c0.95 for each group. The detailed results are in Table 11 . According to Table 11 , the growth law of the ratio for each group is consistent with the growth law of curing period. The ratio turn smaller and smaller with curing period increasing, and finally tend to the limit value. So the conclusion is that there is a good linear relationship between unconfined compressive strength and compression rebound modulus, E c0.95 =294.5R c0.95 .
CONCLUSION
The unconfined compressive strength, splitting strength and compression rebound modulus of CCRM increase in a nonlinear way with curing period increasing. The growth rate is highest in the early stages, then turns slower and slower and finally tend to zero.
The proportion of base and surface has great influence on mechanical properties of CCRM. When the proportion of base and surface is 12:5, after curing for 28 days the unconfined compressive strength, splitting strength and compression rebound modulus of CCRM is bigger than the proportion is 1:1. It shows that when the proportion of base and surface is 12:5, the material grading is good, so the aggregate should be mixed according to Table 7 , JP3 in actual production.
The cement content is the key factor affecting the mechanical properties of CCRM. The unconfined compressive strength, splitting strength and compression rebound modulus of CCRM magnify with cement content increasing, but in actual production we should choose the minimum cement that can satisfy the needs of production and specified strength to save cost.
There is a good linear relationship between unconfined compressive strength and splitting strength, the ratio of R c0.95 and R i0.95 trend to constant value with curing period increasing to the infinitely great, R c0.95 =9.6R i0.95 ; There is a good linear relationship between unconfined compressive strength and compression rebound modulus, the ratio of E c0.95 and R c0.95 trend to constant value with curing period increasing to the infinitely great, E c0.95 =294.5R c0.95 .
According to experimental results, presenting the mechanical design parameters of CCRM that can be used in seasonally frozen soil region, the compressive strength is 3.6MPa~4.2MPa, the splitting strength is 0.54~0.67MPa and the compressive modulus is 1267MPa~1482MPa.
